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1. INTRODUCTION
Water vapor in the upper troposphere and strato-
sphere, though much less abundant than near the
earth's surface, plays a major role in the chemistry
and physics of the atmosphere. For example, the
results of recent studies (Peng et al., 1987; Arking,
1990) indicate that climate is just as sensitive to
percentage changes in upper tropospheric water
vapor, where the mixing ratio is very small, as it is
to percentage changes in the planetary boundary
layer. Unfortunately, earlier compilations of clima-
tological water vapor distributions (such as tort,
1983; Newell et al., 1973), which were based
largely on radiosonde measurements over land, pro-
vide very limited information on the water vapor
distributions for levels above 300rob and in many
cases for lower levels also.
Current airborne and balloon-borne instruments
(such as Lyman-alpha and Frost point hygrometers)
capable of measuring water vapor in the upper tro-
posphere and stratosphere are too expensive for rou-
tine use. Satellite-borne sensors, therefore, provide
an excellent opportunity to obtain a unique set of
measurements for this altitude region. The Limb
Infrared Monitor of the Stratosphere (LIMS) instru-
ment on Nimbus-7 (Russell, 1984) has illustrated the
advantages of global remote sensing of stratospheric
water vapor. The LIMS data set, although nearly
global, is only for the 7-month period (November
1978 to May 1979) and, therefore, no seasonal or
multiyear climatology could be developed. The
Stratospheric Aerosol and Gas Experiment I1' (SAGE
II) aboard the Earth Radiation Budget Satellite
(ERBS), however, has been determining water vapor
profiles in the stratosphere and troposphere all the
way down to cloud tops since its launch in October
1984 (Rind et al., 1993; McCormick et al., 1993;
Chu et al., 1993). Six papers on SAGE II water
vapor validation were just published in the March
1993 issue of JGR. The applications of the SAGE
II water vapor data have been published in a
number of recent articles. For example, it was
demostrated by Rind et a1(1991) that SAGE 1I
observations have led to the confirmation of positive
water vapor feedback in climate models, extremely
important to understanding greenhouse warming.
Other examples of the application of these data
include the use of SAGE 1I water vapor profiles
measured over Antarctic during October 1987 in a
sensitivity analysis of the differential absorption
lidar (DIAL) technique (Ismail et al., 1991). A
SAGE B-derived water vapor climatology has been
used in a photochemical model for the studies of
stratospheric species (Callis et al., 1991).
The purpose of this paper is to present a
vertically-resolved global climatology of water
vapor in the upper troposphere and lower strato-
sphere based on multi-year SAGE 1I observations.
Seasonally averaged zonal mean profiles are illus-
trated in terms of both mixing ratio and relative
humidity.
2. SAGE H WATER VAPOR MEASURE-
MENTS
The SAGE II water vapor data set has several
unique advantages: (1) a solar occultation technique
is used which has the inherent capability of self-
calibration, high accuracy and high vertical resolu-
tion; (2) measurements are made down to cloud
tops, covering not only the stratosphere but also the
upper- and middle-troposphere; and (3) the archived
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data are near global and cover a four-year period
(1986-89). Sensitivity analyses for the SAGE II
water vapor retrieval (Chu et al., 1993) revealed that
the SAGE II data are characterized by: (i) a random
error of 18% for single profiles which is reduced
when profiles are averaged (i.e. for the zonal mean);
and (2) systematic errors are estimated to be about
20% from 10km to 40km for periods of low-to-
moderate ae-_q! loading.
3. RESULTS AND DISCUSSIONS
In order to obtain the vertical distributions of
water vapor in a climatological manner, we have
used the 4-year (1986-89) archived SAGE II water
vapor data set to derive the seasonally averaged
mixing ratio profiles for each of the eight 20-degree
latitudinal bands between 80S and 80N.
As pointed out by Yang et a1.(1987), using aver-
aged data in converting mixing ratio to relative
humidity always has the potential to increase uncer-
tainty because saturation vapor pressure is very non-
linear with temperature. Since SAGE II archived
water vapor data includes the pressure and tempera-
ture at lkm intervals for each water vapor profile,
the information allows us to compute the relative
humidity profile for each individual event before
carrying out the seasonal zonal average. Thus, more
accurate and more representative results for seasonal
zonal mean relative humidity are obtained.
The listing of zonally averaged water vapor mix-
ing ratio (in ppmv) for different seasons are given in
Tables l(a), l(b), l(c), and l(d). The corresponding
listings for relative humidity (in percentage) are
given in Tables 2(a), 2(b), 2(c), and 2(d), respec-
tively. Relative humidities are omitted for the
region above 16.5km because the values are very
small and not commonly used.
The zonally averaged mixing ratio profiles for
DJF and JJA in each hemisphere are depicted in
Figures l(a) and l(b), and Figures 2(a) and 2(b),
respectively. The crosses in these figures denote the
values at the average tropopause altitude.
Comparison of the two pairs of figures [l(a) and
2(b) - summer, l(b) and 2(a) - winter] indicates that
for the same season (local summer and local
winter), the averaged profiles exhibit similar pat-
terns in both hemispheres. A number of interesting
features emerge upon further investigation of these
figures: (1) The existence of a region of minimum
water vapor mixing ratio (the hygropause) has been
found in all latitude hands; (2) the distances
between tropopause and hygropause altitudes vary
between lkm to 4km, being greater at higher lati-
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tudes; (3) most defined hygropauses appear at low
latitudes (0-20S and O-20N); (4) the smallest water
vapor mixing ratios at lower latitudes appear in
December-January-February for both hemispheres;
and (5) for all latitude bands, there is a consistent
positive poleward gradient of water vapor mixing
ratio throughout the lower and middle stratosphere.
The profiles of zonally averaged relative humi-
dity for DJF and JJA are depicted in figures 3(a)
and 3(b), and 4(a) and 4(b) respectively. These
results represent an extension of previous studies
based on preliminary SAGE II observations (Chiou
et al., 1992).
Due to the lack of relative humidity above
300mb, Yang et a1.(1987) in their study of outgoing
longwave radiation used the interpolation methods
developed by Briegleb and Ramanathan (1982) and
the formula derived by Harries (1976) to estimate
the relative humidity at these pressure levels. The
SAGE R-derived climatology of relative humidity
presented herein can be used to avoid these empiri-
cal interpolation schemes. The vertical structure of
relative humidity, which was derived from averaged
mixing ratio and averaged temperature, presented in
a recent study by Sun et al. (1993), could also be
replaced by the more accurate climatology presented
herein.
4. CONCLUDING REMARKS
In this paper, a climatology of water vapor in the
upper troposphere and lower stratosphere is
developed using the multi-year (1986-89) SAGE II
observations. Zonally-averaged profiles of mixing
ratio and relative humidity for the tropics and the
mid- and high- latitudes are obtained for both hemi-
spheres. The results are presented in graphical and
tabulated form for various seasons.
It should be noted that the climatology presented
is global for both stratosphere and troposphere but
the tropospheric climatology represents clear-sky
condition only because occultation data are taken
from cloud tops and above. The information will be
very useful for studies of stratospheric circulations,
radiative budget of the stratosphere, and the atmos-
pheric effects of stratospheric aircrafts. The inabil-
ity of current GCMs to properly simulate many of
the important details of moist processes are associ-
ated with our inadequate knowledge of atmospheric
moisture content, especially at middle and upper tro-
pospheric levels (Start et al., 1990). Further, the
existing upper tropospheric climatology is wetter
than it should be due to in-situ instrument response
times. Thus, the archived SAGE II water vapor
data set should be more widely exploited to increase
our understanding of atmospheric chemistry, dynam-
ics, climate effects, and the global water cycle.
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Table l(a) Zonally averaged H20 mixing ratio (ppmv) for DJF
...............................................................
80S 60S 40S 20S 0 20N 40N 60N
-60S -40S -20S -0 -20N -40N -60N -80N
...............................................................
6.5KM 186.00 349.00 619.00 807 00 738.00 375.00 138.00
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Table l(b) Zonally averaged H20 mixing ratio (ppmv) for MAM
...............................................................
80S 60S 40S 20S 0 20N 40N 60N
-60S -40S -20S -0 -20N -40N -60N -80N
...............................................................












5KM 88.50 143.00 323.00 437.00 736
5KM 43.50 80.70 198.00 267.00 411
5KM 18.80 44.40 116.00 166.00 242
5KM 7.00 22.00 62.80 100.00 138
5KM 3.42 9.99 30.70 51.90 66
5KM 2.84 5.15 15.30 28.30 33
5KM 2.79 3.34 7.50 14.70 15
5KM 2.89 2.85 4.23 7.72 7
5KM 3.31 3.06 3.16 4.18 4
5KM 3.70 3.37 2.91 2.67 2
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Table l(c) Zonally averaged H20 mixing ratio (ppmv) for JJA
...............................................................
805 605 405 205 0 20N 40N 60N
-605 -405 -205 -0 -20N -40N -60N -80N
...............................................................















































































































































































































































Table l(d) Zonally averaged H20 mixing ratio (ppmv) for SON
............................................ .... ....805 605 405 205 0
-605 -405 -205 -0 -20N -40N -60N -80N












2 30 3 27
2 39 3 Ii
2 81 3 37
3 24 3 63
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Fig.3(a): Southern Hemisphere (DJF)


















































Flg.4(a): Southern Hemisphere (JJA)
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